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ABSTRACT
A method is described for measuring the RMS granularity
of black and white photographic materials at a diffuse
density of 1.0 using a visual comparison technique. A set
of standard granularity patches was prepared for use with a
comparison microscope. Samples with known values of RMS
granularity were evaluated by observers and it was found
that the observer -measured values of granularity correlated
well with the actual values of granularity. Some dis
crepancies from the expected relationship between
observer-
measured values and actual values are discussed.
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The visual sensation of nonuniformity arising from
the particulate structure in the developed photographic
film is termed graininess. An objective measure of this
"noise"
is called granularity (Ref. 1). Graininess is
purely a subjective conbept and must be measured by
psychophysical means (Ref. 2, 3), whereas the granular
ity of a photographic material can be measured as the
spatial variation of density which is obtained when
numerous readings are made with a densitometer having a
sufficiently small aperture (usually of the order of
micrometers (Ref. 4).
B. HISTORY
The earliest well-quoted reference on measuring
graininess is a scheme described by Jones and Deisch
in 1920 (Ref. 5, 6). In this method, graininess was
measured in terms of the blending magnification corres
ponding to the distance at which an enlarged image of
the sample appeared homogeneous. This basic method
was elaborated on to give numerous variations (Ref. 7,
8, 9). The most involved instrument using the blending
magnification criterion was one described by Jones and
Higgins in 1951 (Ref. 9). Their instrument involved
entire rooms and their analysis of its performance is
a rather comprehensive piece of work (Ref. 10).
Romer and Selwyn, in 1943, designed an instrument
to measure granularity by the power of the photographic
deposit to obscure fine detail (Ref. 11).
"An enlarged image of the deposit being
examined was thrown on a test chart con
sisting of twenty-six circular patterns,
each containing ten pairs of lines. The
spacing of the parallel lines in that test
pattern for which only half of the pairs
of lines could be resolved was found to be
proportional to the value of granularity
as measured in terms of standard deviation
of density. All measurements were made in
terms of a standard sample measured on a
microphotometer"
(Ref. 12).
The method most similar to the method used in
this project was executed by Conklin in 1931 CRef . 13).
Using a comparison microscope, the relative magnifi
cation of the sample and reference was adjusted until
they appeared equally inhomogeneous . Graininess was
then expressed as a relative magnification.
The idea of measuring the variations in density of
a photographic material on a microscopic scale to
obtain a measure of granularity existed in the early
1930's (Ref. 14). Since then, numerous variations on
the basic idea have taken place (Ref. 15, 16, 4).
Currently in use in the Eastman Kodak Research Labs is
a computerized digital microdensitometer apparatus
(Ref. 17).
Selwyn in 1939 laid down some theory behind granu
larity measurements by stating that the fluctuation of
density observed in a microphotometer record of a uni
formly exposed and developed grainy photographic




dD (Ref. 18, 11)
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where P(D,dD) is the probability of a reading being
between D and D+dD, D is the average density, a is the
area of the scanning aperture, and G is a constant
peculiar to each sample measured. Selwyn also stated
that, if the number of silver particles in the scanning
aperture was large, the product of the standard devia
tion of density (on) and the square root of the area of
the aperture (A) would be constant; o,/A = constant
(Ref. 1). Selwyn Granularity (G) is then given by
G = (2A)*aD
RMS granularity, which is most used today, is found
by making a large number of density readings with a
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The standard deviation of density is related to the




.434a /T (Ref. 4).
Recent efforts have resulted in a proposed standard
for the measurement of granularity of transmission
materials. This is the first standard for granularity
and is not available at this time (Ref. 19).
C. OBJECTIVES
The purpose of this study was to devise and test a
scheme for measuring the RMS granularity of black and
white photographic materials using a visual comparison
technique .
The hypothesis under test was that a simple instru
ment could be used to make visual graininess comparisons
of samples to reference samples of known granularities
and that the values assigned to the samples through this
comparison would correlate well with RMS granularity
measurements .
The objective may seem contradictory, as stated,
since a visual technique should result in a graininess
evaluation and not a granularity measurement. For the
procedure used, hov/ever , the eye simply acts as a com
parator. The objects of the comparison are magnified
film samples with unknown granularities and samples
with granularities that have been determined from a
microdensitometer granularity measuring instrument.
When the unknown sample appears to have the same grain
iness (or degree of objectionability ) as the reference,
the granularity value of the reference can be assigned
to it. In this way, actual granularity values can be
assigned.
With the exception of one instrument (Ref. 11),
previous graininess measuring instruments have not cor
related the numbers produced with any specific measure
ment of granularity but, have expressed the graininess
in terms of the blending magnification or the magnifi
cation required to obtain a sensation of equal grain
iness or objectionability.
Advantages to the visual comparison method of gran
ularity measurement include a procedure that , except
for the initial calibration, does not involve calcula
tions with large amounts of data or expensive optical
systems and electronics. The ability of an observer to
discount artifacts and defects allows the measurement
of granularity on samples of poor quality. These arti
facts generally give spuriously high granularity
measurements in microdensitometer systems. This ability
of an observer to discount defects while making a meas
urement is the major reason for interest in the visual
comparison technique of measuring granularity.
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D. SCOPE
In order to limit the scope of this project, only
pictorial black and white photographic films were
analyzed. Fine, medium, and coarse grain materials
from one manufacturer were chosen: Kodak film types
Panatomic-X, Plus-X, and Tri-X. To further simplify
the work, the samples and references were compared
only at one chosen density (about 1.0). Note Zwick
(Ref. 20) gives the critical diffuse density for
observing grain in black and white reversal materials
at about 0.64. Such materials projected specularly
have an effective density (Q = 1.3) of about 0.83.
Since most one-number estimates of granularity are
made at a diffuse density of 1.0, the convenient
density of 1.0 was used in this work.
The measurement system, consisting of granularity
standards, samples of known granularity, and a com
parison microscope, was evaluated to determine the
validity and repeatability of the measurements.
II. EXPERIMENTAL
PRELIMINARY WORK
1- Exposure procedure. All sensitometric exposures
were made using an eleven-step wedge with .3
density increment per step, in a Kodak 101 sens-
itometer. The step wedge was held in a con
ventional holder between two pieces of eighth-
inch Plexiglass. The eighth-inch separation
between the film surface was necessary to eliminate
any nonuniformities associated with the granularity
of the wedge. By making exposures with and without
the step wedge, it was indeed found that contri
butions to film granularity measurements from the
exposure system were negligible.
Using a sensitometer to make exposures afforded
the advantages of convenience and improved repeat
ability over exposures made with an enlarger.
It should be noted that an eleven-step wedge
with .3 increments per step was used to be com
patible with routine granularity measurements made
on an Eastman Kodak microdensitometer requiring
this format .
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Microscope. The microscope system used throughout
the project was made up of two Bausch and Lomb
binocular compound microscopes. The microscopes
were coupled with a Bausch and Lomb comparison
bridge. The bridge provided a vertically split
circular field. The magnification of the com
parison bridge eyepiece was found to be about 6x.
To approximate 12x magnification through the
microscopes, two 2:1 0.07 NA F 46.8 microscope
objectives were obtained. The working distance
of these objectives was much longer than the dis
tance to the lowest position of the microscope
stage. Focus could be obtained below the stage,
however. Removal of the condenser lens and aper
ture stop allowed the sample to be placed on the
condenser lens mounting ring. Removal of the
condenser lenses increased the diffuseness of the
illumination, which was the desired geometry.
The choice of 12x magnification corresponds
with that commonly used in granularity measure
ments. In particular, the Kodak instrument used
to measure the reference samples has a measuring
aperture equivalent to a 48 micrometer diameter,
which is felt to be equivalent to 12x magnification.
The intensity of the light source of each
microscope was controlled through a rheostat. This
9
control allowed an observer to adjust the intensity
of either side of the comparison field in order to
compensate for differences in sample densities.
Sample density differences of up to .3 could be
accommodated by using this control.
Measurement of Q-factor. The silver image materials
used in this work scatter light. This character
istic affects the density, measured granularity, and
appearance of graininess of the samples. The magni
tude of these effects depends on the geometry of the
optical systems involved; how diffuse or specular
they are. This effect can be characterized by the
Callier coefficient of scattering, Q, which is ob
tained from the ratio of the density of a sample
measured in a specular geometry to that measured
diffusely. Since only diffuse density is precisely
defined, density and granularity values are ex
pressed in diffuse density terms. Therefore; it
was necessary to determine the effective Q-factor
for the materials used, in the comparison micro
scope optics.
The microscope illumination was adjusted to
give equal intensity to both sides of the compar
ison field with no sample in either side. A 1.0
neutral density Inconel filter (the evaporated
metalon glass is essentially non-scattering) was
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placed in the right side of the comparison field.
Into the left side of the field were placed sensito-
metrically exposed strips of black and white film.
Both beams were defocused slightly to remove the
effects of scratches and defects.
For each strip placed in the left field, the
step most closely matching the 1.0 density of the
right field was identified. This was done for 15
strips, and the diffuse densities (measured in a
densitometer) of these fifteen samples were av
eraged. This provided a value, D = .82, of the
diffuse density which was equivalent, in the com
parison microscope, to the known Inconel density
of 1.0, which is the effective specular density of
the samples. The coefficient Q was then calculated
from
n _













Since the three films were similar in scattering
characteristics, this one coefficient, 1.22, can be
used for all the samples.
The Q-factor for the films, when measured on
the routine granularity measuring instrument at
Kodak, was again found to be about 1.22. Density
and granularity values in this paper are expressed
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in diffuse terms (values of density and granularity
measured with the microdensitometer were divided by
1.22) unless otherwise specified.
Information on films.
a. Density measurements . All granularity and dens
ity readings made with the Kodak microdensi
tometer used a green filter since no visual
filter was available in that instrument. All
diffuse densitometry also used a green filter
although it was found that for all practical
purposes there was no difference between the
diffuse densities taken with a green filter
and the diffuse densities taken with a visual
filter. A Macbeth TD-504 densitometer was used
for diffuse densitometry.
b. Granularity range . In order to determine a
granularity range for the pictorial films used,
at a diffuse density of about 1.0 with normal
exposures and processing, the extremes of the
time of development series were examined. The
extremes of the time of development series
yielded a range in RMS granularity of from 6.2
to 25.3. The value of 6.2 was obtained from
Panatomic-X film which was processed in D-76
developer for 2 minutes. This measurement was
made at a diffuse density of about .9 and a
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gamma of about .35. Likewise, the value of 25.3
was obtained from Tri-X film which was processed
in D-76 developer for 12 minutes. This measure
ment was made at a diffuse density of about 1.1
and a gamma of about 1.2.
B. MAKING STANDARDS
1- Procedure #1 . A set of constant density (diffuse
density of 1.0) varying granularity patches were
needed for the measuring scheme proposed. The
following procedure for producing a set of standards
was tried and abandoned.
The procedure made use of two strips of film
that had been given identical sensitometric ex
posures. When the two strips were overlaid (see
Figure 1-a), their densities would add to a constant
value in the straight line portion of their char
acteristic curves (see Figure 1-b). Printing one
strip in close contact with a fine grain material
would theoretically cause a transfer of that strip's
grain to the print material (granularity varies with
the density of the strip in contact). The second
strip would be printed not in close contact with the
print material causing no transfer of grain, only an
exposure adjustment (produces a constant density).
The scheme was abandoned because in preliminary















Figure 1: a) Orientation of sensitometric strips for
obtaining constant density.
b) Graphical interpretation showing constant
density area obtained.
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encountered from the original strip to the print
material. One explanation for this is that contact
printing has some Q factor associated with it just
as the specular and diffuse measurement of density
does. Morris and Wait (Ref. 21) make reference to
printer characteristics as affecting observed
graininess .
Although it was thought that the procedure
could have been used if necessary, a much simpler
procedure for making the granularity patches was
conceived.
Procedure #2. It was found that granularity
increases with increasing density and with increas
ing gamma. See Figure 2a and 2b. At a specified
density, the granularity can be varied by varying
the gamma of the characteristic curve (Ref. 22).
This result made possible a procedure by which con
stant density varying granularity patches could be
made .
A disadvantage to this method is that only one
granularity patch can be obtained from a strip (at
the step with the desired density) and that the
strips must be cut to collect the desired patches.
An advantage to this method is that the measurements
of granularity and density are made directly on the



















































Figure 2: Density and RMS granularity
vs. Log exposures
for Panatomic-X and Tri-X time of development
series,
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assures the observer of the same
"kind"
of grain as
would be found in pictorial film samples.
The standards. The just noticeable difference for
RMS granularity of a uniform neutral dye image field
at a density of 1.0 has been reported to be about
6% (Ref. 23). This value was used as a starting
point for a granularity scale increment . It is
assumed that the value of JND = 6% can be extended
to black and white silver materials.
To insure a visible difference in graininess
and to give some flexibility to the values of the
standard patches, a scale increment of 10% differ
ence in granularity was chosen. Experimentally,
the scale increment was described as 10% + 5%.
Also, the granularity patches were prepared to a
diffuse density of 1 . 00 + .10. The RMS granularity
range at a diffuse density of 1.0 for the three
pictorial films used, as mentioned previously was
about 6.2 to 25.3.
Fourteen granularity patches were prepared
using the granularity, density, and contrast re
lationships calculated or by using appropriate steps
from samples already on hand. In order to cover the
range of granularities of interest, Pan-X, Plus-X,
and Tri-X strips were used. The granularity, the
percent difference in granularity, and the diffuse
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density for each granularity patch are plotted in
Figure 3. By cutting the desired steps from the
sensitometric strips, the standards were organized
into sets of seven patches. Each set was sand
wiched between two microscope slides and numbered.
The value of granularity increased from patch
number 1 to number 14.
C. SYSTEM EVALUATION
1. Samples chosen. As "unknowns," fifteen samples
were chosen from previously prepared strips. The
step of interest on each strip was at a diffuse
density of 1.00 + .10. The sample values of granu
larity were chosen to cover the range of granular
ities on the standards. In order to cover this
range, the samples consisted of Pan-X, Plus-X, and
Tri-X strips.
2. Method of evaluation. To evaluate the measuring
system, observers were asked to compare the samples
to the standard patches. If the sample appeared to
fall between two standard patches, the observer
was asked to estimate the relative position between
the patches. The standards were numbered from 1 to
14 and the observers were asked to estimate the
tenths position between patches. The value of
granularity estimated could then be
interpolated
from the known values of the reference patches.
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Figure 3: The granularity, percent difference
in gran
ularity, and density for each granularity patch,
1-14.
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Initially, fifteen observers were asked to per
form the measurements. Granularity values averaged
from all observers for each sample are plotted
against previously measured RMS granularity values
of these samples in Figure 4.
Because the values determined by the comparison
technique from these observers were consistently
higher than the RMS values, further work was done
in order to determine the cause of this relation
ship. It was found that a slight magnification
difference existed between the two sides of the
field. The magnification of the standard beam was
slightly less than that of the sample beam which
would cause the assignment of higher values to the
samples. This magnification difference was cor
rected, using two identical chrome resolution
targets and the zoom control on the microscope.
An additional four observers measured the grain
samples. The average of their results is shown in
Figure 5. The measured values remained higher than
the actual values even after the slight magnifi
cation adjustment was made.
Another test was conducted, interchanging the
samples and standards. The results of this treat
ment are shown in Figure 6 where the average granu
larity values measured by the observers are plotted
against the actual RMS values of the samples.
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It was found that interchanging the samples and
standards had a significant effect on the observer-
measured granularity vs. actual RMS granularity
relationship. In general, the observer-measured
granularities were lower.
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Figure 4: Average Observer-measured granularities vs.
Actual RMS granularities for the initial 15
observations.
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Figure 5: Average Observer -measured granularities vs.
Actual RMS granularities for 4 observers after
magnification adjustment.
23
Figure 6: Average Observer-measured granularities vs.
Actual RMS granularities for 4 observers after
interchanging standards and samples.
Missing Page
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interchanging the light sources of the microscopes had the
same effect as interchanging the standards and samples.
To eliminate the effect of the viewing system,
measurements made exchanging the samples and standards
were averaged and plotted in Figure 7. That is, the data
used in Figure 5 was averaged with the data used in
Figure 6 and plotted in Figure 7. On the average, these
average values were 5.2% off from the expected values.
This is about a 20% improvement over the average percent
off calculated from the original data. Individual
observers again averaged about 10% off. It is curious
that the slope of the plot of observer-measured values
vs. instrument-measured values is consistently less than
1.0. No explanation can be given for this.
It was felt that the aspect of the light sources of
the two microscopes which caused the observer-measured
values to be consistently higher or lower than the
actual
granularity values was a
slight color difference.
Therefore, the author conducted a test in
which the
samples were measured as usual
except that a green
number 58 Wratten filter was placed over the
eyepiece
of the microscope. Results similar to
those shown in
Figure 6 were obtained. It would appear
that the slight
color difference is not a factor. However,
more testing
is needed to solidify this
statement.
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Figure 7: Average observer-measured granularities vs ,
RMS granularities for standards and samples
interchanged and not interchanged combined.
Missing Page
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